INTRODUCTION
THE 28 chromosome wheat species Triticum timopheevi has attracted interest on account of its reported cytological behaviour and its application to the genome concept. Lilienfeld and Kihara (i) had examined the F, hybrids between tetraploid wheat species. They had found that the hybrids involving timopheevi differed from the rest, were normally sterile, and had poor chromosome pairing. On the basis of chromosome pairing in hybrids they designate the chromosome sets of timopheevi by the formula AG. in contrast to the AB formula given to the chromosome sets of the other tetraploid species. In their classification of the genus Triticum, the species timopheevi is also placed in a section of its own thus suggesting a different origin. This suggestion is followed by Sears (1948) . Kostoff (i') obtained similar results to those of Lilienfeld and Kihara, but he interprets them as showing "partial homology" (as measured by metaphase chromosome pairing in hybrids) between the chromosome sets of timopheevi and of the other tetraploid species. Kostoff therefore suggests for timopheevi the formula Afl.
In view of this reported behaviour of timopheevi, it was decided to investigate hybrids with this species using both F1's and a range of coichicine derived amphiploids. The results obtained do not support either the genome concept or the suggested mode of origin of timopheevi.
MATERIAL AND TECHNIQUES
The following parental species and varieties have been used in Nabalek (1929) they have been assigned to the variety nudiglumis. T. dicoccoides var. Icotschanum will be referred to as dicoccoides (b). Seeds of some of the F1 hybrids and of the amphiploids were placed at my disposal
After a preliminary examination of meiosis on temporary acetocarmine smears, all cytological observations were made on Feulgen squashes. Anthers were fixed in i : 3 acetic alcohol and stained according to the Feulgen technique. Permanent preparations mounted in "Euparal" were made after the schedule outlined in Darlington and La Cour (1947, p. 128) . For a study of chromosome morphology in root tips, best results were obtained after pre-treatment for approximately three hours in a saturated solution of mono-bromo-naphthalene (O'Mara, 1948 The anthers did not dehisce in any of these F, hybrids and no seed was set. All these F1 hybrids were therefore completely sterile.
Although previous workers have presented no adequate data for chiasma frequencies, these results broadly agree with those obtained by Lilienfeld and Kihara ('934) In view of this result, hybrids were again made in 1949 using dicoccoides (a) on this occasion as both male and female parent. These hybrid plants were grown in two different lots in two open fields surrounded by many other fertile plants in order to ensure an ample opportunity for their pollination by foreign pollen. Twenty-six F1 plants were grown in I 950 and independently of whether dicoccoides (a) had been used as male or female parent the meiotic investigations confirmed the results which had been obtained in the previous year. Meiosis in the anthers was apparently normal in all cases, but none of the anthers dehisced. Degeneration of the gametes must therefore have occurred after the tetrad stage. From artificially opened mature anthers, a count of 500 pollen grains stained in aceto-carmine gave an estimate of 5 per cent. good pollen. Under the conditions of open pollination prevailing in the field in 1950 there was however some seed set. This was probably due to the greater viability of female gametes. of which formed rings) and o36 III. Multivalent formation, therefore, did not influence the chiasma frequency per nucleus in these two amphiploids. In common with the other hybrids, multivalent formation in the amphiploid dicoccoides (a) x timopheevi is lower than bivalent formation in the F1 hybrid. This is probably due to differential affinity (cf. Darlington, i937 is the behaviour of its allopolyploid. The production of a fertile amphiploid from the sterile F, dicoccoides (a) x timopheevi would thus indicate that the F1 sterility is chromosomal, and the same applies to the other five amphiploids described in the previous section. The F1 sterility of these other five amphiploids is, however, at least partly due to the formation of univalents and the subsequent abnormalities in meiosis, whereas the F, hybrid dicoccoides (a) x timopheevi was sterile despite an apparently normal meiosis. 
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o cells analysed in each species and hybrid. Table 3 shows the chiasma frequency of the parent species, F1 hybrid, and amphiploid dicoccoides (a) x timopheevi. This shows that the chiasma frequency of the F1 hybrid was almost as high as that of the parent dicoccoides (a) and only slightly less than the chiasma frequency of the parent timopheevi. The observed amphiploid chiasma frequency was lower than the chiasma frequency derived from the sum of the two parent species. The ratio of observed to calculated chiasma frequency is o87 for chiasmata per nucleus. This ratio is comparable to that found in the other Triticum amphiploids, and in Primula Icewensis (Upcott, 1939) . The multivalent frequency in Primula kewensis is lower however than that found in the amphiploid dicoccoides (a) x timopheevi.
The behaviour of Primula kewensis has been explained by Darlington (z) followed by Dobzhansky (i4i) and Stebbbins (1950) . It is assumed that the chromosomes of the two parent species are sufficiently alike to ensure chromosome pairing in the F1 hybrid, but that non-homologous segments are involved in this apparently normal chromosome pairing. The gametes produced by the F1 hybrid will then be inviable because recombination between the chromosomes of the two parent species has produced inviable combinations of genic 54 LEO SACHS material. Pairing and segregation in the amphiploid produced by somatic doubling would, however, tend to produce gametes containing one complete set of chromosomes derived from one parent and one complete set of chromosomes derived from the other parent. These gametes would then be viable.
The type of chromosomal sterility in F1 hybrids, which is brought about by chromosomal differences which do not materially affect metaphase chromosome pairing at meiosis, has been called cryptic structural hybridity by Stebbins (1945 Stebbins ( , 1950 . The high degree of sterility in the F1 hybrids, such as timopheevi xdurum with a mean of 3.90 I per cell and in F1 hybrids between timopheevi and hexaploid species of Triticum, may also be partly due to cryptic structural hybridity. Further evidence on these questions can be obtained indirectly. If chromosome pairing in the F1 hybrid dicoccoides (a) x timopheevi involves non-homologous segments (as is indicated by the evidence presented above) these two parent forms may show a difference in chromosome pairing in other hybrid combinations. The amount of structural similarity sufficient to ensure good chromosome pairing between the two parent forms in the hybrid dicoccoides (a) x tirnopheevi may not be sufficient to ensure equal chromosome pairings when each of these parents is involved in other hybrid combinations. That this is actually the case is seen from the data in table 4.
With dicoccoides (b) as one of the parents, only 5 62 chromosomes remain unpaired in hybrids with timopheevi whereas i o i6 chromosomes remain unpaired in hybrids with dicoccoides (a). The possibility of genotypic (as opposed to structural) control of chromosome pairing producing the differences found in these two hybrids cannot be entirely ruled out. But these data on chromosome pairing can also be explained if some of the chromosomes of dicoccoides (a) and timopheevi are sufficiently unlike to give differences of pairing in their hybrids SPECIES HYBRIDS OF TRITICUM TIMOPHEEVJ 55 with dicoccoides (b). These differences in pairing and the sterility of the F, hybrid dicoccoides (a) x timopheevi can thus both be explained by the existence of structural differences between the chromosomes of all three stocks. THE GENOME CONCEPT AND THE ORIGIN OF TETRAPLOID TRITICUM SPECIES Largely as a result of Kihara and his co-workers (Kihara, 1937 (Kihara, , 1949 ) the concept of genome formuI has become prominent within the sub-tribe Triticin&. Metaphase chromosome pairing in hybrids is taken as an indication of chromosome homology and each chromosome set (called a genome) is given a specific formula. Some of the data from chromosome pairing can be used for the interpretation of phylogenetic relationships in conjunction with external plant morphology. Thus Kihara (1944) suggested that '4 chromosomes belonging to the chromosome sets of the 6x species of Triticum have been derived from the 14 chromosome species Aegilops squarrosa. This suggestion was experimentally confirmed by the actual synthesis of plants resembling 6x species of Triticum (MacFadden and Sears, 1946 Kihara and Lilienfeld, it).
Darlington has, however, stressed the undesirability of basing phylogenetic conclusions on chromosome pairing in hybrids. Dobzhansky (ip) has also pointed out that what is actually being studied is the chromosome pairing which is mainly determined by the gross structural arrangement of the chromosomes. The term genome implies that chromosome sets with the same genome formula contain the same gene complexes. There is, however, no evidence to suggest that the amount of genic differentiation is always proportional to the amount of structural differentiation which is able to influence chromosome pairing at the first metaphase of meiosis. Kihara (1937) has himself pointed out that there is no distinct dividing line between what is called a homologous and what is called a non-homologous genome, the one gradually merges into the other.
In most cases, metaphase chromosome pairing and chiasma formation in hybrids is assumed as being determined by the gross structural arrangements of the chromosomes. Phylogenetic speculations based only on the criterion of metaphase chromosome pairing can, however, lead to erroneous conclusions. The formul given to the chromosome sets of the 4X species of Triticum are a case in point.
The AG formula suggested by Lilienfeld and Kihara ('934) for timopheevi is also applied by Sears (1948) to the chromosome sets of armeniacum, and it is further suggested that the G chromosome set of both armeniacum and timopheevi is probably phylogenetically derived from a different species than the B chromosome set of the other tetraploids. The evidence for suggesting the formula G for one of the chromosome sets of timopheevi is based on the reduction of chromosome 56 LEO SACHS pairing in species hybrids involving timopheevi. The evidence for assigning the formula G to one of the chromosome sets of armeniacum is based on the data of Svetozarova (1939) that there is good chromosome pairing and apparently normal tetrads in the hybrid timopheevi x armeniacum. The data of Svetozarova (1939) however, also shows that despite an apparently almost normal meiosis the hybrid was sterile. The sterility in F1 timopheevi x armeniacum may also be due to cryptic structural hybridity.
The chromosome behaviour of F1 timop/zeevi x armeniacum is thus similar to that in F, timopheevi x dicoccoides (a) and in both cases meiosis would involve the pairing of chromosomes with non-homologous segments.
If one now follows the principles which are accepted in the giving of formul on the basis of metaphase chromosome pairing in hybrids, dicoccoides (a) would have to be given the formula AG in common with timop/leevi and armeniacum. One would then be in a position either of having to elevate dicoccoides (a) into a new species (for which there is no justification) or of designating the variety dicoccoides (a) as AG and the variety dicoccoides (b) as AB. If the two varieties are designated as AB and AG one would then have to postulate that the tetraploid chromosome sets of these two varieties of dicoccoides are phylogenetically derived from two different species, which is highly improbable. This, therefore, shows the misleading conclusions that can be obtained when basing phylogenetic relationships only upon the amount of metaphase chromosome pairing at meiosis.
Considerable divergence in chromosome structure, as analysed by pairing at meiosis, has been found within the species dicoccoides.
There is thus no reason to suppose that timop/zeevi and armeniacum may not also have diverged in the same way from an original prototype. An examination of the chromosome morphology of timopheevi shows that, in common with the other species of Triticum, it has at mitosis chromosomes with median or sub-median centromeres and four chromosomes with large satellites. It is not possible to identifr with certainty all the individual chromosomes and chromosome measurements can differ appreciably in various varieties of the same species of Triticum (cf. Camara, ii). The basic idiogram regarding the presence of median or submedian centromeres and the number of chromosomes with satellites is, however, the same in timopheevi as in the other x species. This evidence also conflicts with the suggestion that the tetraploid chromosome set of timopheevi has been phylogenetically derived from another species than the tetraploid chromosome set of e.g. dicoccoides.
The specimens designated as dicoccoides (a) are not morphologically identical with armeniacum. Armeniacum, among other characteristics, does not occur together with Hordeum spontaneum; it has no varieties with pubescent spikes; and it was found in Armenia and at Nakhichevan in Transcaucasia (Jukubziner, 1932; Tumanjan, 1934;  SPECIES HYBRIDS OF TRITICUM TIMOPHEEVI Makushina, 1938) . Mr J. B. Gillett has informed me that there was considerable morphological variation in the specimens of dicoccoides which he found in Iraq. The plants were growing on the northern slopes of Handren Dagh above Jundiyan village a few miles east of Rowanduz. There were pubescent and glabrous forms of various colours and noticeable differences in the size of spike and general vigour. In contrast to armeniacum in Transcaucasia, the dicoccoides in Iraq was found growing together with Hordeum spontaneum. The considerable morphological range of dicoccoides in Iraq may on further cytological examination also show a range of chromosome differentiation from the Syrio-palestinicum types such as dicoccoides (b) to the cytologically differentiated types such as dicoccoides (a) and timopheevi.
There is thus nothing improbable in the suggestion that all the 28 chromosome species of Triticum have originated from a common 28 chromosome prototype. The various stages of cytological differentiation may, in fact, still be in existence in Iraq. 2. All the cytologically different 4X species of Triticum could thus have been derived from an original 28 chromosome prototype.
3. Tetraploid species hybrids with T. timopheevi show sterility presumably owing to recombination between chromosomes containing non-homologous segments.
. Metaphase chromosome pairing in hybrids is not sufficient to assign distinct genome formula for the properties of different chromosome sets in various species.
